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Summary
Many insects perform high-speed aerial maneuvers in which
they navigate through visually complex surrounds. Among
insects, hoverflies stand out, with males switching from sta-
tionary hovering to high-speed pursuit at extreme angular
velocities [1]. In dipterans, 50–60 large interneurons—the
lobula-plate tangential cells (LPTCs)—detect changes in op-
tic flow experienced during flight [2–5]. It has been predicted
that large LPTC receptive fields are a requirement of accu-
rate ‘‘matched filters’’ of optic flow [6]. Whereas many fly
taxa have threehorizontal system (HS) LPTCneurons in each
hemisphere, hoverflies have four [7], possibly reflecting the
more sophisticated flight behavior. We here show that the
most dorsal hoverfly neuron (HS north [HSN]) is sexually
dimorphic, with themale receptive field substantially smaller
than in femalesor ineithersexofblowflies.The (hoverfly-spe-
cific) HSN equatorial (HSNE) is, however, sexually isomor-
phic. Using complex optic flow, we show that HSN, despite
its smaller receptive field, codes yaw velocity as well as
HSNE. Responses to a target moving against a plain or tex-
tured background suggest that the male HSN could poten-
tially play a role in target pursuit under some conditions.
Results and Discussion
Receptive-Field Analysis
The three horizontal system (HS) neurons in the blowfly lobula-
plate view the dorsal (HS north [HSN]), medial (HS equatorial
[HSE]), and ventral (HS south [HSE]) visual fields, respectively
[8]. Hoverflies have, however, been shown anatomically to
have four HS neurons [7]. To characterize the physiological
receptive fields of the two most dorsal of these, we mounted
Eristalis tenax in front of a monitor on which we moved a small
high-contrast bar (1.6 3 3.9) in four directions at 50/s, with
the bar oriented perpendicular to its direction of motion. This
stimulus elicits a nonsaturating membrane-potential change
that, because of its limited angular extent, primarily reflects
the location of the stimulus, as evident from near-perfect mir-
ror symmetry of responses in preferred and antipreferred di-
rections (Figures 1A–1C). We recorded intracellular responses
at 21 elevations and azimuths (Figure 1C), allowing reconstruc-
tion of the two-dimensional receptive field for four directions of
motion (Figures 1A, 1B, 1D, and 1E). Compared with earlier
methods [8–10], our technique permits very fine resolution of
subtle receptive-field details. For example, small irregularities
*Correspondence: karin.nordstrom@adelaide.edu.auappear in responses to all four scan directions, and thus also
in the resulting receptive field (Figure 1).
Exploiting the near-sinusoidal direction tuning of these
neurons [11], we fitted the responses to the four directions of
motion with a sinusoid (Figure 1F) to determine the local pre-
ferred direction (LPD) and the response amplitude for each
point in space. We used the LPD and response amplitude for
the 213 21 matrix to plot vectors for a receptive-field map rep-
resenting the whole visual display, illustrated as a gnomonic
azimuthal projection to account for distortions introduced by
the flat stimulus screen (Figure 1G).
Sexual Dimorphism of HSN
We determined complete receptive fields as described above
for 16 female and 39 male hoverfly HSN neurons (Figure 2). The
receptive field of female HSN is asymmetric, with maximum
sensitivity in the fronto-dorsal visual field and a broad peak
in sensitivity between 30 and 60 above the equator (see 4 mV
contour, Figure 2B). Although the asymmetry makes estima-
tion of a true ‘‘center’’ for the receptive field difficult, we can
quantify its size and shape across multiple individuals by mea-
suring the maximum width and height at a contour represent-
ing 75% response amplitude (Figure 2A). The intersection of
these two measures (the ‘‘centroid,’’ Figure 2B) provides a use-
ful basis for comparison of the location of the receptive field.
The centroids show individual variation, perhaps reflecting
differences in the distribution of synaptic inputs from local
motion detectors, as was previously found morphologically
in blowfly HS neurons [12].
Because that the representation of azimuthal angles de-
creases with increasing elevation to finally become infinitely
small at the pole, we need to account for the fact that body-
centered coordinates do not represent angular size when we
compare receptive-field size and shape between neurons.
Hence, we express receptive-field dimensions in terms of
absolute angular size (i.e., angular subtense at the eye, inde-
pendent of orientation), and receptive-field location on the
basis of body coordinates (azimuth and elevation). In female
HSN (Figure 2A), receptive-field width at 75% response am-
plitude is 19 6 7.1, and the height is 31 6 6.2 (mean 6
standard deviation [SD]). The receptive field of male HSN
(Figure 2D) is 40% narrower (11 6 2.2, p < 0.001) and 45%
shorter (17 6 5.1, p < 0.001) than the female HSN. To com-
pare the neurons’ motion sensitivity across the entire visual
display, we subtracted the average male from the average
female receptive field (by using both LPD and response
amplitude) and found the two to be significantly different
(p < 0.001, Figures 2A and 2D).
Both male and female HSN receive input from photorecep-
tors from a small region of binocular overlap (approximately
20, [10]) in the fronto-dorsal visual field (Figures 2A and 2D).
The female HSN centroid is located at an elevation of 52 6
7.1 and an azimuth of 216 6 10 (Figure 2B). The male
HSN receptive-field centroid is located at a similar elevation
(47 6 7.5, no significant difference) and closer to the midline
(25.0 6 6.4, p < 0.001, Figure 2E). However, because the
female receptive field is larger than the male, and we determine
the centroid by utilizing width and height at 75% maximum, the
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(A) Response of a male HSN to horizontal rightward motion of a 1.63 3.9 high-contrast bar moving at 50/s across a bright visual display (shown as a gno-
monic azimuthal projection). The interpolated response is color coded to show hyperpolarizing events compared to prestimulus membrane potential (gray).
(B) The same neuron of the left lobula plate is depolarized by horizontal leftward motion.
(C) Intracellular response to the target moving across the center of the screen (top trace), with lines indicating peri-stimulus duration as the bar moved right
and then left, and response to vertical motion as the target moved up and then down across the middle of the monitor (lower trace).
(D) The same neuron is depolarized by upward motion in the fronto-dorsal visual field.
(E) The neuron is hyperpolarized by downward motion.
(F) The mean response to four directions of motion (black circles) for each point in space was fitted with a sine wave, to estimate the local preferred direction
(LPD, 143) and response amplitude (11 mV), as indicated by the arrow.
(G) The LPD and response amplitude for the entire 21 3 21 matrix, with the length of the arrows normalized to their maximum and projected onto the
interpolated response amplitude.actual maximal sensitivity in individual recordings may be
similarly frontal to those in males (Figures 2A and 2D).
Lucifer-yellow fills of HSN in females (Figure 2C, and see
[13]) and males (Figure 2F, filled three times) show input den-
drites confined to the dorsal lobula plate. The input dendrites
display pronounced anterior-posterior flattening (Movie S1
available online) but cover a smaller part of the dorsal lobula
plate than their Calliphorid counterparts [8, 12, 14]. The greater
lateral extension of the female receptive field (Figure 2B) corre-
sponds to more proximal input dendrites in the medio-ventral
lobula plate (arrowheads and inset, Figure 2C). These den-
drites are absent in male HSN, where most input dendritesterminate in the distal limits of the lobula plate (Figure 2F),
consistent with a frontally confined receptive field (Figure 2E).
Previous work on blowfly HSN neurons [8, 12, 15] suggests
that their receptive fields extend more laterally than those of
Eristalis, although the methods used differ and most data are
for female flies. To permit more direct comparison, we also
characterized a male Calliphora HSN neuron by our method.
Consistent with the previously published data, this receptive
field extends laterally well beyond the boundary of our display
(Figure S1). Thus both sexes of Eristalis have more frontally
located receptive fields than in other flies, particularly so in
males.
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(A) Average LPD and response amplitude of 16 female HSN shows a receptive field extending to the ipsilateral border of the display. The arrows have been
normalized to 6 mV (arrow in bottom left-hand corner of graph). The average 75% response amplitude is delineated in blue.
(B) The same data in 1 mV increments. Black circles indicate the centroids of individual receptive fields, with the mean location as a black cross and the arms
representing the standard deviation.
(C) Z series maximum-intensity projection of an individually Lucifer-yellow-filled female HSN. Dendritic input arbors are confined to the dorsal lobula plate
(dashed line delineates the lobula plate). Arrowheads indicate input dendrites proximal to the main arbor corresponding to the lateral limits of the receptive
field (inset shows a high-contrast 103 magnification of this area).
(D) Average LPD and response amplitude of 39 male HSN with a receptive field contained within the fronto-dorsal visual field. The arrows have been
normalized to 6 mV. The average 75% response amplitude is delineated in blue.
(E) The same data in 1 mV increments. Black circles show individual centroids.
(F) Lucifer-yellow fill of an individual male HSN shows dendritic arbors confined to the dorsal lobula plate (dashed). Inset shows a schematic representation
of the retinotopic organization of the lobula plate, with asterisks in the same areas as in the photo.
The following abbreviations are used: Me, medulla; LP, lobula plate; SOG, subesophageal ganglion; v, ventral; d, dorsal; f, frontal; and c, caudal.Sexual Isomorphism in HSNE
The additional HS neuron previously identified anatomically
in hoverflies [7] has been classified as HSN equatorial (HSNE),
primarily on the basis of its intermediate location between
blowfly HSE and HSN [13]. We recorded complete HSNE
receptive fields in 11 female and 34 male HSNE Eristalis. Al-
though HSN neurons display striking sexual dimorphism,
HSNE is similar in the two sexes (Figure 3). By subtracting
the average male from the average female receptive field
across the entire visual display, we find no significant differ-
ence between the two (p = 0.45, Figures 3B and 3E).
Although maximal sensitivity is nearly frontal as in HSN, the
centroids of female and male (Figure S2) HSNE receptive fields
are more equatorial (females 13 6 6.0, males 12 6 5.3) and
extend further into the ipsilateral visual field (females at an azi-
muth of 214 6 7.7, males at 217 6 7.6), but again there is
no significant difference between the sexes. This more dorsal
receptive field differs from blowfly HSE, which straddles the
equator symmetrically [6, 8], justifying our morphological label
HSNE [13].
The sensitivity of male and female HSNE extends laterally
beyond the limits of our display. In some recordings, we
mapped lateral sensitivity by rotating the monitor 45 aroundthe center of the fly’s head. Small differences in apparent
sensitivity at the same receptive-field locations in these later-
ally mapped fields (Figures 3A and 3D) result from this being
a subset of the neurons for which we mapped frontal sensitiv-
ity. Nevertheless, these maps underscore the physiological
similarity of HSNE in the two sexes.
Unsurprisingly (given the physiological similarity), the mor-
phology of HSNE in females (Figure 3C, and see [13]) and
males (Figure 3F, filled five times) shows little sexual dimor-
phism. Individual variation in branching pattern is apparent
between different fills (not shown), just as Hausen found in
blowfly HS neurons [12], but the gross morphology of major
branches (Movies S3 and S4), and the area of dendritic spread
are conserved between individuals and sexes. In particular,
the input dendrites in both sexes extend from the frontal
(distal) lobula plate more caudally (proximal) and ventrally
compared to HSN, consistent with their physiologically
recorded receptive fields being closer to the equator and lat-
erally extended.
HSN as a Fronto-Dorsal Yaw Detector
We conclude that the differences observed in HSN both
between sexes and compared with other diptera are unique
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(A) Average LPD and response amplitude of four female HSNE with the monitor rotated 45 around the center of the fly’s head. This is a subset of HSNE
neurons with high sensitivity. The arrows have been normalized to 6 mV (arrow in bottom left-hand corner of graph). The skew in the gnomonic azimuthal
projection results from the angle of the fly’s head (35).
(B) Average LPD and response amplitude for the frontal visual field of 11 female HSNE. The arrows have been normalized to 6 mV. The average 75% response
amplitude is delineated in blue.
(C) Lucifer-yellow fill of a female HSNE shows dendritic input arbors in the medio-dorsal lobula plate (dashed line delineates the lobula plate).
(D) Average LPD and response amplitude of five male HSNE with the monitor rotated 45. The arrows have been normalized to 6 mV.
(E) Average LPD and response amplitude for the frontal visual field of 34 male HSNE. The arrows have been normalized to 6 mV, and the average 75% re-
sponse amplitude is delineated in blue.
(F) Lucifer-yellow fill of a male HSNE shows dendritic input arbors located in a similar area of the lobula plate (dashed) as in the female neuron (C).
The following abbreviations are used: Me, medulla; LP, lobula plate; and SOG, subesophageal ganglion.to this neuron and are not due to the different methods we
have employed, and they are thus likely to be associated
with differences in the role of this neuron in behavior. Most
dipteran lobula-plate tangential cells (LPTCs) have receptive
fields with sensitivity extending over a large part of the visual
field with properties suggesting tuning to particular patterns
of ego-motion, with blowfly HSE and HSN proposed to be
‘‘matched filters’’ for yaw rotation [15–18]. Large receptive
fields have been interpreted as a prerequisite for reliable sig-
nals to particular patterns of ego-motion, because signals
from small parts of the visual field can be ambiguous [6].
Small receptive fields could also be more affected by local
high-contrast features than neurons that spatially pool across
a larger number of local motion detectors (i.e., ‘‘pattern
noise,’’ see [19]). Considering this, the receptive field of the
hoverfly HSN is not only remarkably small, but additionally, lo-
cal direction tuning is not as clearly aligned with elevation
lines on the gnomonic projection (in either sex) as one would
expect from a neuron tuned to pure yaw rotation (Figures 2A
and 2D).
To test whether the smaller HSN receptive field can code for
yaw velocity in complex optic flow, we designed a broadband
stimulus containing yaw rotation and forward translation. We
moved a camera platform through a park environment with
the forward component (2.7 6 1.1 m/s) interspersed withturns (yaw rotation) toward new trajectories (Figures 4A–4C).
Although we have no control over the 3D structure in a natural
environment, an analysis of the image sequence shows result-
ing optic flow within the coding range of these neurons [10]
with yaw at 96/s6 107/s and off-axis retinal velocity caused
by forward translation at 48/s 6 38/s (Figures S3D–S3H).
This is an artificial stimulus as the highly sexually dimorphic
behavior of hoverflies makes it impossible to compare
responses between the sexes to behaviorally generated optic
flow. Furthermore, saccadic head movements [5] make it
extremely difficult to determine the exact gaze of flies (partic-
ularly during high-speed pursuit), and complete reconstruc-
tion of ‘‘real’’ optic flow has only been possible in restricted
environments [20]. Nevertheless, using this stimulus we find
a high correlation between yaw velocity and the response of
both HS neurons in either sex, but no difference between neu-
rons (Figures 4D and 4H).
The small HSN receptive field is confined to the fronto-
dorsal visual field (Figure 2), in the region of the visual world
associated with male specializations for conspecific pursuit
[1, 10, 21–23], which could suggest a role in such behavior.
In blowflies, the male-specific lobula giant MLG1 was de-
scribed as a key neuron for visualizing conspecifics [24, 25].
However, a recent study found that blowfly HS neurons
responded to targets against naturalistic background motion
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(A) Forward-translation velocity (m/s) of the camera platform as a function of time.
(B) Yaw velocity (deg/s) of the platform.
(C) Log of the yaw velocity.
(D) Average of five intracellularly recorded responses from a single male HSN to the movie (black), and the movie sequence mirror imaged (gray).
(E) Intracellularly recorded response to the movie sequence (gray), and the response to the movie with target motion superimposed (black).
(F) Horizontal and vertical velocity (deg/s) of the target.
(G) Average of five intracellularly recorded responses to the target moving over the mean luminance background (black), and to the target sequence mirror
imaged (gray).
(H) Cross-correlation between responses of hoverfly HS neurons and yaw velocity (column 1), log yaw velocity (column 2), and forward translation velocity
of the platform (in m/s, column 3). Cross-correlation between responses and off-axis retinal velocity caused by forward translation (deg/s, column 4).
Cross-correlation between responses and target velocity (column 5). Error bars show the standard deviation, and asterisks (*) indicate significant
differences, p < 0.05.with a higher signal-to-noise ratio than MLG1 [26]. To test
whether the smaller hoverfly HSN enables robust target signal-
ing in complex backgrounds, we inserted a target in the fronto-
dorsal visual field of the movie, so target motion preceded
orienting turns of the camera as in pursuits (Figure 4F). Corre-
lation of responses to background motion with and without
target motion shows 97% similarity in male and female HSN
and HSNE (Figure 4E). It is thus unlikely that the male HSN is
used as a fronto-dorsal target detector when targets are
moving against high-contrast clutter.
However, hoverflies often choose habitats where they can
track targets against the bright background of the sky [21].
Our receptive-field scanning technique shows that small
targets moving over blank backgrounds induce large mem-
brane-potential changes in both neurons of either sex (Figures
1–3). When we display the target sequence from the complex
optic-flow scenario with the target moving over a mean lumi-
nance background, we also find a strong correlation with
target velocity in both neurons of either sex (Figures 4F–4H).
This suggests that HS neurons could encode target velocity
under uncluttered sky conditions. In this context, the smaller,fronto-dorsally located receptive field of the male HSN would
be clearly advantageous (Figure S4).
Conclusion
We have shown here sexual dimorphism in receptive-field
properties of a hoverfly tangential neuron, previously de-
scribed as sexually isomorphic (at least in blowflies [11]). Al-
though hoverfly HS neurons are clearly able to code for yaw ve-
locity (Figure 4), the question arises as to why the male HSN
receptive field is smaller and limited to the frontal visual field
(Figure 2D). This area is close to the pole of the expansion gen-
erated by forward translation, and yaw signals generated by
high-contrast features seen against the sky could easily
‘‘swamp’’ any forward-translational optic flow. By shrinking
the receptive field to a region where yaw is least ambiguous,
this neuron may simplify the otherwise daunting task of disam-
biguating yaw from forward translation during pursuit. This,
however, happens at the expense of a decreased area of
sampling, which may explain why this strategy is limited to
the HSN neuron and why it is not observed in some other flies.
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Animals
Hoverflies (Eristalis tenax) and blowflies (Calliphora stygia) were collected
under permit from the wild (the Botanic Gardens of Adelaide) and kept in
the dark at 4C until experimental time.
Electrophysiology
The animal was waxed down with the head tilted forward. A small hole was
cut over the left lobula complex, leaving the neural sheath intact. Neurons
were recorded intracellularly with aluminum silicate micropipettes pulled
on a Sutter Instruments P-97 puller and filled with 2 M KCl. Electrodes
had a typical tip resistance of 120 MU and were inserted with a Piezo micro-
manipulator. The flies were mounted in front of a RGB CRT display at a
distance of 14 cm. They were aligned with the monitor with the planar
back surface of the head as a morphological landmark, and the eye’s equa-
tor was assumed to be 90 perpendicular to this. The animal’s midline was
used to determine the vertical axis. This was used in later analyses to cor-
rect for angular distortion introduced by the flat screen. Visual stimuli
were generated with VisionEgg (http://www.visionegg.org). The monitor
subtended 100 3 75 at the fly’s central visual field, with a resolution of
6403 480 pixels and a refresh rate of 200 Hz. The monitor could be rotated
around the center of the fly’s head to retrieve responses to lateral visual in-
put. Data were digitized at 5 kHz with a 16 bit A/D converter (National Instru-
ments) and analyzed offline with Matlab (a few early recordings were digi-
tized with a 12 bit A/D converter).
Receptive-Field Acquisition
To determine receptive fields, we scanned the bright monitor with a black
1.6 3 3.9 bar oriented perpendicular to the direction of motion. Scans
were performed with a 2 s horizontal rightward scan, followed by a 1–3 s
rest and a 2 s leftward scan back over the same path (50/s, given for the
fly’s central visual field). After a 1–3 s rest, a new semirandomly chosen
elevation was scanned, until the entire monitor had been covered 21 times.
Vertical scans were performed at the same velocity, with upward drifts fol-
lowed by downward presentations at 21 azimuths. We recorded complete
receptive fields for a total of 27 HS neurons in the left lobula plate of 24
female and 73 neurons in 69 male hoverflies (Eristalis tenax). For each
scan direction, we analyzed the membrane potential averaged across 21
bins expressed relative to the resting potential. This permitted a two-dimen-
sional matrix of membrane potentials to be produced, representing the area
of the stimulus display. The data for each bin were transformed into azimuth
and elevation coordinates, with the calibrated position of the fly and the
angle of its head used to correct for distortions introduced by the flat dis-
play, before data were averaged across animals. Following convention,
azimuths are negative left (ipsilateral) of the midline, and elevations are
positive dorsal to the equator.
Data Analysis
We further analyzed the LPD of motion by using a method analogous to
that of Krapp and Hengstenberg [9] and Frye and Olberg [27]. The re-
sponse to the four directions of motion at each point in the receptive field
was fitted in a least-squares manner with a sinusoid with variable phase,
response amplitude, and offset but a frequency fixed at 360. We used
the phase of the fitted function to find the LPD and response amplitude,
which we then used to plot the orientation and length of local motion vec-
tors in receptive-field maps. To average receptive fields, we interpolated
the LPD and response amplitude across the visual field by using a delau-
nay-based triangulation method. We also delineated the 75% response
amplitude, which we used to measure the widest and tallest part of each
receptive field in angular terms. In finding the tallest and widest part, we
simultaneously identified the centroid, which we express in terms of azi-
muth and elevation, thereby taking the distortion of the dorsal visual field
into account.
We display all data as mean6 SD unless otherwise stated. We performed
statistical analyses of width and height at 75% response amplitude and of
centroid location with unpaired, two-tailed Student’s t tests. To compare
complete receptive-field maps across the entire visual display, we sub-
tracted average male from average female receptive fields and determined
the difference from 0 (LPD and response amplitude difference of 0 represent
identical receptive fields).Morphology
To identify recorded neurons, we backfilled micropipettes with 4% Lucifer
yellow in 0.1 M LiCl. The dye was injected by passing a hyperpolarizing cur-
rent (0.2 to 2 nA, depending on the amount of current individual electrodes
would pass without blockage) for 10–30 min. The brain was dissected out of
the head capsule, fixed in 4% paraformaldehyde (in 0.1 M phosphate
buffer), dehydrated through an ethanol series, and cleared in methyl salicy-
late. A series of digital photographs were taken at different depths of the
tissue (Olympus BX-50 epifluorescence microscope), and the morphology
of the neuron was reconstructed with Adobe Photoshop. The position of
the neuron within the lobula plate was confirmed by constructing a three-
dimensional (3D) image from a Z series in a scanning confocal microscope
(Leica Spectral Confocal SP5).
For 3D reconstruction, we imported the confocal stack into the open-
source software package OsiriX (http://www.osirix-viewer.com/). We then
utilized OsiriX to generate a movie by giving the appropriate 3D coordinates
in the lobula plate. The movies were saved in Quicktime format for viewing
as Supplemental Data.
Display and Analysis of Movies
We designed a broadband stimulus by moving a camera platform through
a visually rich natural surround. The movie sequence was captured by a 14
bit camera (XCD-V50, Sony) with a 90 wide-angle lens (TF2.8DA-8,
Fujinon) mounted on a customized robotic platform fitted with a damped,
inertial stabilization system (R.S.A.B., E.L. Mah, J.P. Gray, and D.C.O’C.,
unpublished data). Data from wheel-mounted optical encoders gave the tra-
jectory. A green filter (N52-534, Edmund) was used to match input to the
spectral sensitivity of the fly motion pathway [28]. The nonlinear (gamma)
characteristics of the camera were quantified by comparison of images of
the same scene taken at different shutter speeds. The camera was pro-
grammed to alter the shutter speed for several samples of each frame (five
different shutter speeds used), which were then combined, thus increasing
the dynamic range of the images to 90 dB, providing detail in both the dark
and light parts of the scene and reducing noise in any one pixel. The platform
was moved slowly so the 5 Hz image acquisition rate could be scaled to the
200 Hz display frame rate used during electrophysiology.
We moved the robot in bright sunlight along a curving path through a visu-
ally rich outdoor scene and directed it in a ‘‘saccadic’’ manner, with forward
motion (2.7 6 1.1 m/s) interspersed by rapid turns toward a new trajectory.
Although optic flow caused by yaw rotation is homogenous across the
visual field, forward translation causes different retinal velocities in different
parts of the visual field and also depends on the structure of the environ-
ment. To get an estimate of retinal velocities, we measured the movement
of a feature in the most peripheral part of the movie by comparing frames
separated by 50 ms. We repeated this procedure with the selection of
frames shifted by 25 ms. To get the retinal velocity caused by forward trans-
lation, we finally subtracted the yaw rotation.
A small black target (1.4 3 2.8) was inserted into the reconstructed
movie and animated with random jitter (maximum 0.7/frame) and ‘‘turns’’
that preceded the actual platform motion by 0.1 s to simulate ‘‘chasing’’
of the target. The target elevation was varied slowly and randomly in the
dorsal part of the visual field associated with pursuit flight [1].
We recorded responses of HS neurons (eight male HSN, three female
HSN, three male HSNE, and four female HSNE) to the movie with the back-
ground scene alone, with combined background and target, or with the
target only against a mean luminance background. We then repeated all
conditions with the movie displayed in a mirror-symmetrical fashion. We
performed correlation analysis of visual input signals and recorded
responses, with the optimal lag determined for each cell (25–40 ms, i.e.,
5–8 frame delay). Statistical analysis of correlation in different neurons
was performed with unpaired, two-tailed Student’s t tests.
Supplemental Data
Additional Results and Discussion, four figures, and four movies are
available at http://www.current-biology.com/cgi/content/full/18/9/661/
DC1/.
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